For many consumers egg yolk color is a very important characteristic of egg quality. Since hens are not able to synthesize coloring pigments, the intensity of the yolk color depends directly on the content and profile of pigmenting carotenoids present in their feed. The aim of this study was to assess the combined pigmenting effect of paprika and carrot and their ability to achieve egg yolks in the desired color range. Biological tests lasted for 30 days and were conducted on 180 Lohmann Brown layers. The laying hens were divided in six groups. Every group was assigned to one of six possible treatments, control 1 (C1) treatment without any pigments added, control 2 (C2) treatment with synthetic pigments added and four experimental diets (D1, D2, D3, D4) with the addition of natural color sources (paprika and carrot). After experimental period collected eggs were analyzed regarding physical characteristics of eggs, content of β-carotene and yolk color of eggs. Obtained results has shown that dried carrot and milled paprika can successfully replace synthetic pigments, with no negative effects on physical characteristics of produced eggs, egg yolk color, acceptability or β-carotene content.
INTRODUCTION
According to the conducted surveys, most of the consumers highly value a number of different characteristics of the egg, but especially the shell strength, albumen consistency, and the yolk color (Hernandez et al., 2005) . The most preferred yolk color is ranging from golden yellow to orange (Chowdhury et al., 2008) , depending on the world region. Since hens are not able to synthesize coloring pigments, the intensity of the yolk color depends directly on the content and profile of pigmenting carotenoids present in their feed (Hernandez et al., 2005) . Natural sources of carotenoids can be used in laying hen's diet, such as yellow maize, marigold, alfalfa, carrot, pumpkin, paprika, etc. The combination of natural sources also has influence on yolk color. For achieving a golden yellow yolk color diets have to be supplemented with both yellow and red pigments (Grashorn and Steinberg, 2002) . Yellow xanthophylls are needed to achieve a correct yellow base coloration but are not allowed to reach RYCF (Roche Yolk Colour Fan) values higher than 13 at commercial inclusion levels, because they are not economical (Galobart et al., 2004) .
For example, marigold alone cannot give the color of the yolk which consumers demand and must be combined with paprika. The addition of paprika alone, or in combination with marigold, increases the content of β-carotene, redness value and RYCF (Spasevski et al., 2017) .
The scavenging hens always produce acceptable yolk color due to their free access to green plant that contain abundant xanthophyll pigments (Chowdhury et al., 2008). However, most of the farm hens use high energy concentrated feed, which is low in natural pigments, especially in diets that contain inadequate amounts of yellow corn.
The most commonly used ingredient for yolk pigmentation is yellow corn, which contains 20-25 mg/kg of xanthophylls (Chowdhury et al., 2008) . Since in some countries corn cultivation is very limited, producers are dependent on other grains such as wheat, barley, oat etc. in diet formulation.
These grains are deficient in desirable pigments; therefore the use of natural or synthetic pigments is an alternative measure for egg yolk coloration (Chowdhury et al., 2008). Synthetic pigments are two or three times more efficient as a yolk colorant than carotenoids of vegetable origin. Furthermore, they have high stability due to encapsulation against oxidation and degradation (Deepa et al., 2007) . Most commonly used synthetic pigments, which are chosen because of their coloring effecttiveness, are cantaxanthin and citranaxathin.
Use of synthetic pigments increases feed costs, and in some countries its inclusion is often prohibited by government regulations.
There is assumption that canthaxanthin causes deposition of color crystals in the retina (EFSA, 2014). The crystals may damage the retina and may impair visual acuity (Grashorn and Steinberg, 2002) . Therefore, the Scientific Committee on Food (SCF) in 1997 assumed that the reliable residue level of canthaxanthin in eggs was 0.2 mg per egg (SCF, 1997).
Furthermore, in 2002 the European Union Scientific Committee for Animal Nutrition suggested a maximum supplementation level to animal diets of 8 mg/kg canthixanthin in diet for laying hens and 25 mg/kg in diet for broiler.
Nowadays, there is high tendency for replacing the synthetic pigments with natural sources, since these products have some potential negative health effects and their use in organic production is forbidden.
Over recent years, there has been a market trend toward the use of natural supplements in animal nutrition. During the history pepper has been used to enhance the red color and pungency of foodstuffs.
More than 50 identified structures of carotenoids are responsible for red color of red pepper Capsicum annum (Cervantes-Paz et al. 2014).
Also, it contains from 0.3 to 3.2 g/100g dry weight of carotenoids (Arimboor et al., 2014) . Capsanthin, capsorubin and cryptocapsin impart red color to paprika, while the yellow orange color is from β-carotene, zeaxanthin, violaxanthin and β-cryptoxanthin.
Red paprika is a good egg colorant, and it does not have any negative effects on hens' productivity parameters (Gurbuz et al., 2003; Rowghani et al., 2006) . Carrot contains higher amount of carotenes and minor amount of xanthophylls. Due to its low economic value, low quality carrot and its discarded parts can be used as carotenoid source in animal feed. Furthermore, they have high potential to become a forage material in organic egg production (Hammershøj et al., 2010) .
The aim of this study was to assess the combined pigmenting effect of paprika C. annuum and carrot and to see if the combined pigment sources could achieve egg yolks in the desired color range. 
MATERIAL AND METHODS

Feed treatment
Biological tests were carried out at a poultry farm located in Vilovo, Serbia. The corresponding research lasted 30 days and was conducted on 180 Lohmann Brown layers, which were randomly placed in individual wire cages with free access to the feed and water and identical care provided for each of the birds. The laying hens were divided in six groups, with six replicates of five birds each. Every group was assigned to one of six possible treatments, control 1 (C1) treatment without any pigments added, control 2 (C2) treatment with synthetic pigments added and four experimental diets (D1, D2, D3, D4) with the addition of natural color sources.
Basal diet, which represented the C1 treatment, was consisted of conventional raw materials and was used as a base for formulating C2 and the other four treatments (D1-4), by supplementing the basal diet with synthetic pigments, or ad-ding red milled paprika or dried carrot (or combination of thereof) in different concentration ratios according to Table 1 . The nutritive information of control and experimental diets were analyzed and presented in Table 2 .
Sample collection and analyses
At the end of the planned experimental period, ten representative eggs from each of six treatments were randomly collected. Collected eggs were analyzed regarding physical characteristics of eggs, content of β-carotene and yolk color of eggs. Weight of whole egg, egg shell, yolk and albumen were monitored throughout the study. Egg shell and yolk were weighted separately.
Albumen weight was calculated as difference between whole egg weight and total weight of egg shell and yolk. Results for yolk color of eggs were obtained by comparing with the RYC fan (Hoffmann-La Roche Ltd, Basel, Switzerland), within the range of yolk colors from 1 (very light yellow) to 15 (dark orange). Yolk color was also determined by using Minolta Chroma Meter (Model CR-400, Minolta Co., Osaka, Japan), and all measurements were conducted on whole egg at three places on the sample (one at the centre and two on the side).
The instrument was calibrated against a standard light white reference tile and the measurements conducted under standard illuminant D65, a 2° standard observer angle. The color parameters L*-lightness (-black, + white), a*-red/greenness (green, + red), b*-blue/yellowness (-blue, + yellow) were determined and results were expressed in accordance to the CIELab color system. For the purpose of the β-carotene quantification, the method described by Islam and Schweigert (2015) was used in this study. Results obtained by analyzing the β-carotene content were expressed as μg βC/g sample.
Sensory analysis
Seven trained panelists aged between 31 and 59 years participated in the sensory evaluation recruited from the staff of the Institute of Food Technology (Novi Sad, Serbia), according to SRPS EN ISO 8586 (2015).
Panelists visually evaluated acceptability of fresh egg yolk color under laboratory condition. This parameter was judged using a five-point category scale: 5, acceptable; 4, almost acceptable; 3, nor acceptable nor unacceptable; 2, almost unacceptable and 1, unacceptable. Eggs were marked with a special code among assessors and presented on plastic plates.
Statistical analyses
One way analysis of variance (ANOVA) was used to test the influence of different source of pigments and pigment combinations on egg production and yolk color. The differences between treatment means were assessed with a Tukey's HSD test at p<0.05. The data were statistically analyzed using the Statistica software version 13 (Statsoft Inc. 2013, USA).
RESULTS AND DISCUSSION
Physical characteristics of produced eggs were measured in order to ensure that there is no negative effect of natural pigment sources in hens feed on eggs production. The results are shown in Table  3 . No significant differences in any of measured parameter were observed, as it can be noticed. Fig. 1 shows changes in β-carotene content in eggs' yolk with changes of paprika and carrot ratio in hens' diet. Beta-carotene content was the highest in eggs of hens fed with Diet 4 (1.5% of milled paprika and 0% of dried carrot) and accounted 47.97 μg/g. This level of β-carotene was higher even than β-carotene content in eggs of hens fed with diet Control 2, which contained synthetic pigments in amount recommended by the manufacturer. Natural βcarotene consists of two isomers: all-trans and 9-cis and is present only in natural environments, whereas synthetic β-carotene contains only the all-trans isomer, which has lower liposolubility and lower antioxidant property than 9-cis isomer (Spasevski et al, 2016) .
It is obvious from Fig. 1 that with increase in paprika ratio in the diet, content of βcarotene also increased. Similar conclusions were presented in paper of Spasevski et al. (2017) when compared paprika and marigold as a natural sources of pigments in laying hens diets.
Results of L* and a* presented in Table 4 has shown that Diet 3 and Diet 4 were very similar to Control 2 diet, with higher redness in Diet 4 comparing to Diet 3 and Control 2 diet, which indicates that by addition of milled paprika the same color as by the addition of synthetic pigments, even redder, can be achieved.
Also, according to the mentioned parameters Diet 1 was similar to Control 1 diet where no pigments were added, which means that by addition of dried carrot alone favorable egg yolk color cannot be gained.
Between these two groups was Diet 2, where L value was lower than in Control 1 and Diet 1 and higher than in Control 2 and Diet 3 and Diet 4, while a* value was higher than in Control 1 and Diet 1 and lower in Control 2, Diet 3 and Diet 4, thus this can be a desired color by consumers due to enough share of red tone, but smaller than in the group with synthetic pigments.
Result of RYCF color measurements showed that Diet 3 and Diet 4 resulted in yolk color similar to that of Control 2 diet with no significant differences (p>0.05) (14.33 and 14 .71 compared to 14.63).
However, since the preferred yolk color in Europe ranges from 10 to 14, it can be said that Diet 2 provided the most favorable color and it can be recommended from this point of view.
However, Diet 3 showed the result just slightly above 14 RYCF.
Since our investigation of β-carotene content in egg yolk and color preferences according to RYCF has given controversy recommendation for the most applicative diet, our experiment covered also investigation of acceptability of yolk color. The results are shown in Fig. 2 .
The results clearly presented that acceptability of yolk color did not differ significantly (p>0.05) for the diets: Control 1, Control 2, Diet 1 and Diet 4. The best acceptability of color was achieved with the Diet 2, as it was shown by RYCF, too.
CONCLUSIONS
Presented results showed that natural pigment sources such as dried carrot and milled paprika can successfully replace synthetic pigments, with no negative effects on egg yolk color in terms of acceptability or β-carotene content. What is even more, combination of 1% of dried carrot and 0.5% of milled paprika in laying hens diet gave the most favorable egg yolk color according to evaluation by trained panelists. 
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